R otational alignment of both tibial and femoral components seems to be an important factor for successful total knee arthroplasty (TKA). [1] [2] [3] [4] Rotational malalignment of components seems to be associated with inferior outcome and is an important reason for early revision arthroplasty. [5] [6] [7] The potentially detrimental effects of femoral component malrotation leading to flexion instability, overstuffing, and patellofemoral maltracking have been reported by numerous authors. 2, 4, 6, 7 Likewise, malrotation of the tibial base plate may also change knee kinematics resulting in patello-femoral maltracking and incongruencies with the femoral component. 8, 9 Assessment of component rotation is an integral part in the diagnostic algorithm of painful knees following TKA [10] [11] [12] and there is some evidence that revision arthroplasty for component malrotation may be successful. 13, 14 Thus far, however, there is little consensus on the optimal rotational alignment of femoral and tibial components. Likewise, threshold values for either femoral or tibial malrotation vary substantially in the available literature. Moreover, many of these studies report on short-term outcome, 3, [15] [16] [17] [18] very small samples, 19 or rely on measurements using conventional radiographs, 20 resulting in a paucity of studies on rotational
Effect of Rotational Component Alignment on Clinical Outcome 5 to 7 Years After TKA With the Columbus Knee System
The aim of the study was to examine the effects of rotational component alignment on outcome after total knee arthroplasty (TKA) with a minimum followup of 5 years. For this study, 96 patients were available for follow-up at a mean of 5.7 years after TKA. Computed tomography scans were available in 55 patients. Outcome (Oxford Knee Score [KSS], Knee Injury and Osteoarthritis Outcome Score [KOOS], 36-item Short Form Health Survey) was correlated with postoperative femoral and tibial component malrotation or femorotibial rotational alignment mismatch. Results showed that femoral or tibial component malrotation or femorotibial mismatch were present in 15.5%, 38.2%, and 29.1% of patients, respectively. Although femoral componoent malrotation was associated with significantly poorer, KSS and KOOS scores, outcome was comparable for patients with or without tibial component malrotation or femorotibial mismatch. In conclusion, both internal and external rotational femoral malalignment exceeding 3° is associated with significantly poorer subjective and objective outcome 5 to 7 years after TKA. Tibial component malrotation and femorotibial mismatch were more common, but did not significantly compromise outcome. [Orthopedics. 2016; 39(3):S50-S55.] component alignment with mid-or longterm outcomes.
The aim of the current study was to determine the effect of femoral and tibial component rotational alignment on TKA outcome with a minimum follow-up of 5 years.
Materials and Methods
One hundred ninety-six consecutive patients (129 female; mean age, 79.4 years) who underwent TKA for osteoarthritis of the knee at the first author's institution were included in this retrospective analysis upon institutional review board approval. Cemented, cruciate-retaining components and fixed bearings of the Columbus knee system (Aesculap, Tuttlingen, Germany) were used in all patients with all procedures performed either by or in the presence of the first author (FT). All procedures were performed using a tibia first gap balancing technique. Resections were based on conventional jigs or using a non-imagebased navigation system (OrthoPilot TKA 4.1, Aesculap, Tuttlingen, Germany).
Seventy patients (35.7%) were excluded for various reasons ( Table 1) . Out of the remaining 126 patients, 30 (23.8%) were lost to follow-up leaving a total of 96 patients (follow-up rate 77.2%) available for a clinical follow-up at a mean of 5.7 (range, 5 to 7 years). Clinical outcome and quality of life was assessed using the Oxford Knee Score, the clinical and function subscales of the American Knee Society Score (cKSS and fKSS), the 5 subscales of the Knee Injury and Osteoarthritis Outcome Score (pain, symptoms, activity of daily living, sports, and quality of life), and the physical and mental score aggregates of the 36-item Short Form Health Survey (SF-36).
Postoperative torsion difference computed tomography (CT) scans were available in 55 patients (57.3%) and used to assess femoral and tibial component orientation and femotibial component mismatch.
Femoral component orientation was expressed as an angle between the surgical transepicondylar axis and the posterior condylar line (posterior condylar angle) as previously suggested by others. 6, [21] [22] [23] [24] Tibial component orientation was expressed as an angle between the posterior margin of the tibial baseplate and the tibial condyles as described by Kim et al. 25 Measurement modalities and reproducibility have been previously described in detail elsewhere. 26 Lacking generally accepted cut-off values, femoral component malrotation was defined as a angle exceeding 3° of internal or external rotation, as suggested by Zhang et al. 17 Likewise, tibial component malrotation was defined as either an external rotation of the tibial baseplate against the posterior condylar line exceeding 10° of external rotation or any degree of internal rotation. A femorotibial mismatch was assumed when the difference between femoral and tibial component rotational alignment exceeded 10°, as previously suggested by others.
27-29

Statistical Analyses
Patients with available postoperative CT scans were compared with those without scans in an effort to examine for selection bias with regard to basic demographic parameters and all outcome scores. Afterward, the current authors compared the demographic parameters and outcome scores of patients who were diagnosed with femoral or tibial component malrotation or exhibited a femorotibial mismatch on postoperative CT scans as defined above, with those who did not. Assuming a null hypothesis (h 0 :  µ1-µ2=0), all observed differences were tested for significance with a threshold of P<.05 using a 2-tailed t-test for all continuous variables and a chi-square test for nominal variables. All analyses were performed using SPSS version 17 statistical software (IBM Corp, Armonk, New York).
results
Patients With or Without CT Scans
Both groups were comparable with regard to all demographic and outcome parameters tested ( Table 2) .
Patients With or Without Femoral Component Rotational Malalignment
The demographic data and outcome parameters for patients with or without malrotated femoral components are summarized in Table 3 . Only 8 patients (15.5%) were classified as malrotated. Both groups were comparable with regard to all demographic parameters assessed. Patients with femoral component malrotation reached significantly lower scores for all patientreported outcome measurements except for SF-36 aggregate subscales as compared with the control group. Table 4 summarizes the demographic data and outcome parameters for patients with or without malrotated tibial components as defined above. Twenty-one (38.2%) patients were found to have tibial component rotational malalignment. Both groups were 
Patients With or Without Tibial Component Rotational Malalignment
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comparable with regard to all demographic parameters assessed. In between groups, no significant differences were found for any of the outcome parameters. Table 5 summarizes the demographic data and outcome parameters for patients with or without femorotibial mismatch as defined above. Sixteen patients (29.1%) were found to have tibial component rotational malalignment. Both groups were comparable with regard to all demographic parameters assessed. In between groups, no significant differences were found for any of the outcome parameters.
Patients With or Without Femorotibial Mismatch
discussion
The most important finding of this study was that rotational femoral component malalignment exceeding 3° of internal or external rotation seems to have a detrimental effect on subjective and objective outcomes at 5 to 7 years after TKA. In addition, the current authors were not able to demonstrate significant effects of either tibial rotational component alignment nor femorotibial component rotational alignment mismatch on the midterm outcome of TKA , despite them being more common.
Appreciation for the limitations of the study is warranted. First and foremost, this was a retrospective analysis. Despite the fact that a consecutive series of TKA procedures was assessed, fewer than 50% of the initial patient series could finally be included in this study. It is a strength of this study that only patients with a minimum follow-up of 5 years were considered for analyses. On the other hand, more patients had to be excluded because they did not survive until the minimum follow-up of 5 years than in other reported series. 30 This is most likely attributable to the fairly high mean age at time of the index procedure in the present series. Moreover, postoperative CT scans were not available for all patients. A selection bias can, therefore, not fully be excluded. The current authors tried to compensate for this by showing that both basic demographic data and all of the outcome parameters assessed were comparable in the patients with or without postoperative CT scans.
It is important to state that the number of patients with CT scans available was fairly small. Given the small portion of patients who were eventually classified as malrotated and the limited data spread, it is not unreasonable to assume that the study was underpowered to yield significant results. The number of patients with CT scans is, however, in the range of those stated in many comparable studies. 8, 9, 27, 28, 31 In this context it has to be kept in mind that CT subjects patients to a significant amount of radiation exposure. 32 This makes an inclusion of a larger series of patients ethically questionable.
Finally, the fairly small number of patients did not allow for multivariate analysis. Although the current authors did try to compensate for this flaw by demonstrating that demographic data in between the different groups were comparable, the current authors could not rule out confounding effects of 
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Copyright © SLACK inCorporAted n Feature Article other variables that have not been tested (eg, pre-and postoperative sagittal and coronal plane, joint-line, preoperative function). The prevalence of femoral component malrotation was 15.5% in the present series. This rate is in the range of previous investigations on femoral component rotational alignment. Boldt et al reported a rate of 10% outside this range in a series of 38 patients. 33 When comparing conventional with navigated technique, Mizu-uchi et al found rates of femoral component malrotation of approximately 33% and 11%, respectively. 31 Luyckx et al found comparable rates when comparing measured resection and gap balancing techniques. 34 Much higher rates of outliers have, however, also been reported. 20 The rates of tibial component malrotation and femorotibial mismatch in the present series were 38.2% and 29.1%, respectively. Several authors have shown that variability of tibial component rotation is higher than that of femoral components. 8, 9, 27, 31 Femorotibial mismatch and tibial component rotational malalignment rates are, moreover, strongly dependent on the selected tibial reference (tibial tubercle, tibial transverse axis, posterior condylar line, etc.). 4, 27 Keeping the aforementioned limitations in mind, the current authors were able to demonstrate that a posterior condylar angle exceeding 3° in either internal or external rotation was associated with significantly lower figures in all outcome measurements except for SF-36 aggregate subscales. On the contrary, tibial component rotational malalignment and femorotibial mismatch did not translate into significantly poorer clinical results in the present study.
In a recent review and meta-analysis of 11 studies, Valkering et al could demonstrate a strong to moderate correlation of femoral and tibial component external rotation with better KSS results. 2 Given the limited data spread and small number, the current authors did not perform Pearson correlations in the present study. Results, however, support the results of Kawahara et al, who found a detrimental effect of femoral but not tibial component malrotation on KSS subscales. 15 On the contrary, Bell et al found a correlation of both internal rotation of femoral and tibial components as well as a combination of the 2 and femorotibial mismatch with postoperative pain in a recent matched-pair study. 3 Nicoll and Rowley and Barrack et al found a significant effect of internal rotation of the tibial component when comparing painful to well-functioning knee arthroplasties. 9, 19 This may, however, reflect the fact that in these studies a selected population with otherwise unexplained persistent knee pain was compared with control groups with well functioning knees. It is not unreasonable to assume that prevalence of component malrotation is markedly different as compared with an unselected study group as in the present study.
In the largest series on the topic, Kim et al could identify a decreased revision rate when the femoral and tibial component rotational alignment was within 2° to 5° of external rotation. 25 The authors did not, however, report on functional outcome.
conclusion
Both internal and external rotational femoral malalignment exceeding 3° is associated with significantly poorer subjective and objective outcomes 5 to 7 years after TKA. Rotational malalignment of the tibial component, as well as femorotibial rotational mismatch, were found to be more common but did not significantly compromise outcome.
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